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Abstract 
Historic land use changes following European settlement in the 17th century were rapid and 
widespread throughout southern New England.  The initial step of deforestation, either for land 
clearing or wood products, altered the properties of original soils and initiated hillslope erosion 
and sediment transport. Reforestation occurred during the 19th to early 20th century as farms 
were abandoned.   High resolution topographic data (LiDAR) allows the identification of 
remnant historical land use features such as stonewalls (indicating agriculture) and charcoal 
hearths (indicating deforestation for charcoal), allowing reconstruction of past land use practices 
on upland hillslopes and in valleys.  Sediment cores reveal changes in sedimentation, nitrogen 
isotope ratios (G15N), and trace metals (Pb, Cu, Zn) indicative of human activity. This study 
examines the link between the sedimentary records of wetlands and reconstructions of land use 
on the upland hillslopes.  High G15N (-2.0‰ to +7.0‰) values in the upper 60 cm of the cores 
mark a shift from natural G15N values to anthropogenically induced signatures.  The range in 
G15N values is influenced by both the land use type and by the proximity of the sediment relative 
to the hillslope source.   Sites downstream from sustained historic agriculture have higher G15N 
values than sites that experienced pulsed episodes of deforestation, such as timber harvests for 
charcoal production.  Higher Pb concentrations in the upper 30-40 cm of each core reflect 
atmospheric deposition of trace metals from early 20th century fossil fuel combustion.  While 
G15N marks the onset of pasture-agriculture in the 18th century, Pb indicates the beginning of late 
19th century industrialization.  Overall, each site preserves a record of human-induced landscape 
change that reflects the localized land use history in that watershed, as well as regional industrial 
processes
 1 
Introduction  
 Recently, humans have become the main driving force of geomorphic change in 
landscapes around the world (Hooke, 1994 and 2000; Bierman, 2005).  Studies conducted on 
geomorphic response to natural and anthropogenic-induced landscape change (Bierman et al., 
1997; Foster et al., 1998; James, 2013) reveal that rates of erosion due to human activities, such 
as logging or agriculture, typically far exceed background erosion rates (Reusser et al. 2015).  
The fate of sediment that has been eroded from hillslopes due to historic human activity, 
otherwise known as legacy sediment, has been extensively studied in the northeastern United 
States (Bierman et al., 1997; Thorson et al., 1998; Francis and Foster, 2000; Walter and Merritts, 
2008; Niemitz et al., 2013).  Legacy sediment deposited after European settlement in valley 
bottoms buried existing pre-settlement streams, floodplains, and wetlands.  These deposits reflect 
centuries of intensive post-Eurosettlement land use practices and carry a unique signature of 
anthropogenic landscape processes that differs from background signals (Niemitz et al., 2013; 
Weitzman et al., 2014).   
 Human land use activities differ strongly from natural disturbances and can alter nutrient 
dynamics within watersheds (Elliott and Brush, 2006).  Anthropogenic landscape modification 
that involves fertilizing soils for continuous cultivation or the combustion of fossil fuels for 
industrial processes leaves a distinguishable geochemical fingerprint in the sedimentary record.  
Legacy sediment reflects landscape response to land use change, and carries biogeochemical 
tracers that can help quantify the impacts of disturbance on nutrient cycling.  Nitrogen isotopes 
provide a useful tool for evaluating biogeochemical processes and nutrient sources related to 
anthropogenic activity across landscapes and within watersheds, and act as a proxy for long-term 
changes in nitrogen sources to aquatic systems (Harrington et al., 1998; Lake, et al. 2001; Elliott 
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and Brush, 2006).  Studies have shown that agricultural land clearance impacts nitrogen cycling 
in watersheds by exposing soil particulate matter to erosion and delivering fertilizers or animal 
waste to rivers and streams, resulting in an enrichment of excess nutrients in waterways and 
aquatic species (Harrington et al., 1998; Lake, et al. 2001; Cole et al., 2003).  G15N values of 
organic matter can be used to examine the impact of land use change within watersheds, and to 
pinpoint the potential sources of sedimentation or waste input in wetlands, ponds, or streams.  
Trace metals, meanwhile, are biproducts of industrial activity such as smelting and fossil fuel 
combustion, and can also provide useful insight towards late 19th century anthropogenic activity 
(Pacyna and Pacyna, 2001).  Though naturally occurring in low concentrations, anthropogenic 
trace metals such as Pb, Cu, and Zn are found in higher quantities than background levels and 
can be used as tracers of industrial activity.    
 Geochemical and geomorphic responses to landscape change are fundamental to defining 
the new proposed Anthropocene epoch, which postulates that the global environment has been 
measurably altered by human activity (Crutzen, 2002; Dethier et al, 2018). While the official 
beginning of the Anthropocene is widely debated, it is important to consider regional variability 
of the timing, spatial extent, and duration of human impacts (Chase and Chase, 2016; Steffen et 
al. 2016; Williams et al., 2016).  Therefore, markers of significant, deliberate Euro-American 
land use change in New England (directly and indirectly associated with forest clearing) may 
vary regionally due to the timing, magnitude, and type of land use carried out on the landscape.  
Geochemical markers of anthropogenic landscape disturbance are useful tools for quantifying 
related impacts from site to site.  These analyses can also help interpret the effects of two 
different periods of anthropogenic change, from the onset of pastural agriculture during 17th 
century European settlement towards the advent of mid-19th century industrialization.  G15N 
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records shift as soon as southern New England farming practices begin, which could start at any 
point from the early 17th century to the mid-19th century.  Trace metals are limited to the early 
20th century but can be used to quantify younger anthropogenic sedimentation or to characterize 
the effects of regional industrial processes.   
This project analyzes watersheds that experienced periods of deforestation and forest 
regrowth in southern New England as a direct link to evaluating nutrient sources and land use 
change (Fig. 1).  With the use of air photo and LiDAR DEM analysis, sediment coring, 
radiocarbon dating, G15N and XRF analyses, records of sedimentation and environmental change 
can be reconstructed in various locations in eastern and western Connecticut.  By evaluating 
G15N and heavy metal records in small, upland watersheds influenced by 17th to 20th century 
Euro-American land use change and industrialization, we can analyze site-specific responses to 
anthropogenic landscape disturbance, provide crucial information on regional nitrogen dynamics, 
and address the question of how geochemical signatures of human activity vary with regards to 
local land use practices (Fig. 2). 
 
Background 
Nitrogen Isotopes in the Biosphere 
 The nitrogen cycle is one of the most essential elemental cycles on Earth and is possibly 
the most influenced by human activity (Heaton, 1986; Elliott and Brush, 2006).  Isotopic 
nitrogen can be useful for understanding the dynamics between land use, human activities, and 
nitrogen sources to ecosystems.  The distribution of nitrogen between the major reservoirs 
(rocks, air, terrestrial) vary.  Some compilations suggest that <50% of nitrogen is hosted by 
rocks, <50% exists in the atmosphere, and the remaining percentage is in the biosphere (Canfield 
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et al., 2010; Sharp, 2017).  Organic nitrogen, although minor in abundance, is crucial in the 
biosphere because almost all nitrogen isotope fractionation occurs by metabolically-related 
processes.  The two stable isotopes of nitrogen are 14N and 15N, with a ratio (14N/15N) in air of 
272.  Because the ratio of nitrogen in the air is constant, it can be expressed as a standard, where:  
G15N (‰ vs AIR) = [(
15N
14N
)sample
(
15N
14N
)𝐴𝐼𝑅
− 1] x 1000 
Most of the nitrogen in the biosphere is present as N2 gas in the atmosphere.  This 
reservoir has a constant isotopic composition of 0‰ (Fig. 3).  The nitrogen cycle involves the 
conversion of atmospheric nitrogen (N2) to ammonium (NH4+), nitrite (NO2-), and nitrate (NO3-) 
via biological and chemical processes.  Fractionation associated with the intermediate processes 
of the nitrogen cycle can produce a range of isotopic values observed in terrestrial and aquatic 
ecosystems.  N2 is removed from the atmosphere by nitrogen-fixing microorganisms or plants 
during nitrogen fixation.  Nitrogen isotope fractionation associated with fixation is small; the 
average fractionation between atmospheric N2 and fixed nitrogen in organic matter is near 0‰ 
(Peterson and Fry, 1987).  The following intermediate processes of the nitrogen cycle require a 
lot of energy, therefore fractionation is high for these steps.  Assimilation is the process in which 
NH4+ or NO3- are incorporated in the living tissue of organisms.  Mineralization, or 
ammonification, is the opposite of this process, where NH4+ is released by the degradation of 
organic matter during bacterial decay.  Nitrification is the process of oxidation of NH4+ to NO3- 
by nitrifying organisms, which involves two steps.  The first step is the conversion of NH4+ to 
NO2-; the second step is the conversion of NO2- to NO3- (Sharp, 2017).  Denitrification is the 
process where NO2- or NO3- are converted to N2O and ultimately to N2 by bacteria or fungi 
(Sharp, 2017).  This process occurs during the decomposition of organic matter or in soils or 
 5 
water bodies where oxygen is low.  These intermediate steps of the nitrogen cycle influence the 
range of isotopic values observed in the biosphere. 
 Nitrogen isotopes record various types of information regarding source to sink processes.  
Isotopic distributions reflect reaction conditions or processes in the nitrogen cycle, as well as 
source information (Peterson and Fry, 1987).  Nitrogen isotope fractionation occurs during the 
transformation from the reactant to the product, and different isotope fractionations may occur 
that are associated with each step of the nitrification process or present reaction conditions 
(Peterson and Fry, 1987; Bedard-Haugn et al., 2003, Sharp, 2017).  Nitrogen isotope 
fractionation is mostly kinetically controlled, therefore creating a discrimination between the 
uptake of the lighter 14N and heavier 15N.  Because the lighter isotope species reacts faster, 14N is 
preferentially enhanced during the fractionation process (Peterson and Fry, 1987; Sharp, 2017).   
Nitrogen availability greatly influences isotope fractionation and the range of G15N values 
seen in the biosphere (Peterson and Fry, 1987).   The fractionation between N2 gas and labile 
organic nitrogen is close to zero, so it is expected that nitrogen-fixing plants will have G15N 
values around 0‰ (Heaton, 1986; Peterson and Fry, 1987; Sharp 2017; Krüger et al., 2015).  
However, G15N values of non N-fixing plants are dependent on N-availability in the soil.  In N-
limited soils, discrimination is not possible, so the G15N values of plants are close to that of the 
soil.  In nutrient-rich soils, fractionation can be several per mil due to the preferential uptake of 
14N (Sharp, 2017).  As a result, soils become isotopically enriched in 15N relative to the plants.  
Due to these processes, there is a global scale variation in soil and plant G15N that is influenced 
by regional climate and mean annual precipitation.  G15N values of soils can range from -10 to 
+15‰, but most soil G15N values are close to +2 and +5‰ (Peterson and Fry, 1987; Sharp, 
2017).  Tree leaves and plants tend to have lower G15N values than the soils due to the 
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preferential uptake of 14N, which range from -8 to +3‰ (Peterson and Fry, 1987).  Forest and 
grassland soil G15N usually increases with depth due to fractionation against 15N during N 
transfer by mycorrhizal fungi to the roots of host plants (Hobbie and Ouimette, 2009).   Also, 
15N-depleted leaf litter accumulates at the soil surface, causing it to be depleted relative to soil at 
depth.  Another factor that influences enrichment with depth is fractionation of 14N during 
decomposition (Nadelhoffer and Fry, 1988).   
Wetland peat G15N values are derived from similar processes.  Because atmospheric N is 
the primary source in peatland ecosystems, G15N values in wetlands are expected to be close to 
0‰ (Krüger et al., 2015).  The G15N values of the plant species present in the wetland may vary 
from -11.3 to +2.7‰, which could affect the signature of the peat material (Krüger et al., 2015; 
Nadelhoffer et al., 1996).  Additionally, oxic conditions in drained wetlands may cause G15N 
values to increase with depth; microbial processes during decomposition cause an enrichment in 
15N (Asada et al., 2005).          
Fertilizers that are industrially fixed from atmospheric nitrogen have G15N values close to 
zero.  Some values may range from -2 to +4‰ (Heaton, 1986; Elliott and Brush, 2006).  Organic 
fertilizers derived from animal waste, such as manure, are more enriched with G15N values that 
range from +6 to +20‰ (Heaton, 1986; Elliott and Brush, 2006).  Isotopic enrichment in animal 
waste is largely due to trophic level processes and excretion of isotopically light urea.  
 Land use is an important factor of nitrogen biogeochemistry.  (Elliott and Brush, 2006).  
Landscape modification may impact cycling, fluxes, and sources of nitrogen to watersheds.  
Given the significance of modern landscape modification on nitrogen inputs to watersheds, it is 
also important to consider that land use has dramatically evolved in most Eastern U.S. 
watersheds since European settlement.  European contact in the northeast was rapid and 
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widespread, completely altering forest regimes and sedimentation rates in a brief three-century 
period (Foster et al., 1998; Francis and Foster, 2001; Thompson et al., 2013).  This period of 
intense land use change thus impacted sedimentation and nutrient fluxes to watersheds. 
 Many studies have used nitrogen isotopes as indicators of terrigenous waste and nutrient 
input or for insight towards nutrient cycling dynamics in watershed systems (Harrington et al., 
1998; Douglas, 2002; Kaushal et al., 2006; Elliott and Brush, 2006; Jones et al., 2010; Krüger et 
al., 2015; Lake et al., 2001; Li et al., 2008).  Previous work on sediment cores from lakes and 
coastal environments in the Eastern U.S. has shown the influence of historic land use change 
associated with the arrival of Europeans (Thorson et al., 1998; Li et al., 2008; Sritrairat, et al., 
2012; Niemitz et al., 2013).  These studies found that post-Eurosettlement land use altered 
sedimentation rates and nutrient fluxes to lakes and marshes downstream from disturbance.  
Overall, changes associated with European settlement include increased allochthonous organic 
sediment and/or mineralogic input to streams, wetlands, and lakes, a decrease in autochthonous 
organic content or primary productivity, and an increase in allochthonous nutrient input 
represented by heavy G15N values in sediment cores.   
 Most studies that look at the influence and legacy of human activity in watersheds focus 
on downstream networks or catchments in the Mid-Atlantic region (Walter and Merritts, 2008; 
Merritts, et al., 2011; Sritrairat et al., 2012; Niemitz et al., 2013), but few have been performed in 
upland catchments in Southern New England.  Studies have been conducted that use nitrogen 
isotopes as markers of anthropogenic activity in streams, salmon migration, and marshes 
(Harrington et al., 1998; Kendall et al., 2001; Douglas, 2002; Sritrairat, et al., 2012; Krüger et al., 
2015), but few look at G15N records in upland wetlands as a way to characterize post-
Eurosettlement landscape change.  This study will look at upland wetland systems in southern 
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New England as a direct link to evaluating nutrient sources and land use change.  We will use 
G15N records as a proxy for landscape disturbance and land use type, as well as G15N values of 
sedimented organic matter to help distinguish between hillslope sources or processes and 
autochthonous processes.   
 
Anthropogenic Trace Metals       
 Many trace metals are biproducts of raw materials, such as fossil fuels, metal ores, and 
industrial products (Pacyna and Pacyna, 2001).  During high-temperature processes, such as 
combustion, heavy metals (Pb, Zn, Cu, and Hg) are vaporized, emitted to the atmosphere, and 
subjected to transport within air masses and precipitation (Pacyna and Pacyna, 2001).  
Anthropogenically-derived trace metal concentrations are often higher than the concentrations 
expected for their natural occurrence in terrestrial and aquatic environments (Hogg and Guiraud, 
1979).  Most metals can be locally enriched, while some also show enrichment on regional and 
global scales.  After entering terrestrial and aquatic environments on fine particles, trace metals 
accumulate in soils and may be subjected to erosional and fluvial transport (Varekamp et al., 
2003).  Accumulation may also occur far away from emission sources due to atmospheric 
deposition during precipitation.  Combustion of leaded gasoline, for example, is a major source 
of atmospheric Pb emissions.  Coal production produces many metals, including Hg, As, Cu, Cd, 
Zn, and Pb (Pacyna, 1987; Pacyna and Pacyna, 2001).  Records of atmospheric metal pollution 
have been preserved in sedimentary deposits, such as bogs and aquatic sediments (Niragu, 1996; 
Sritrairat, et al., 2012; Niemitz, et al., 2013; Varekamp et al., 2003 and 2010).  In particular, Pb, 
Cu, Zn, and Hg accumulation has been documented in Long Island Sound sediments as a result 
of mid-19th century industrialization along the Housatonic River (Fig. 4).  Wetlands and aquatic 
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sediments provide compact records of metal accumulation.  However, due to the post-
depositional behavior of metals, records can be somewhat distorted.  Metals can either be 
deposited first on the landscape and transported into the system after initial deposition due to 
erosion, or they can accumulate in wetland sediments over time through atmospheric rain out.  
Overall, trace metal concentrations provide insight towards recent anthropogenic activity and can 
be used to identify anthropogenic sedimentation in lakes and wetlands.                      
 
Study Area 
 The New England region has experienced a considerable amount of landscape change 
over the past four hundred years and has endured intensive periods of deforestation and regrowth 
(Cronon, 1983; Foster et al., 2008; Thorson, 2002; Thompson et al., 2013).  Widespread 
deforestation upon European arrival initiated hillslope erosion and sediment transport to nearby 
streams and waterways.  Rates of hillslope erosion increased dramatically post-European 
settlement in watersheds in the eastern United States, and sediments transported into these 
waterways contain a geochemical signature that is inherently different from background sources 
(Reusser et al., 2015; Merritts, et al., 2011).  In southern New England, historic land use 
practices are exhibited in legacy sediment signatures in local catchments downstream. 
Forests were cleared for timber harvests and land was cultivated for agriculture 
throughout New England.  Because the soil was cleared of trees and their roots, glacial till 
eventually rose to the ground surface due to freeze-thaw mechanisms (Thorson, 2002, Foster et 
al. 2008).  Farmers thus had to move the large cobbles out of their fields and assembled them in 
walls as a result (Thorson, 2002; Johnson and Ouimet, 2014 and 2016).  The spatial extent of 
stone walls in New England is a testament to the magnitude of land use in the region and became 
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an iconic feature on the landscape.  Johnson and Ouimet found that approximately 2,113 km of 
walls exist in an area of ~569 km2 in six Connecticut towns (2016).  By the mid-19th century, the 
area of cleared acreage peaked as farms were abandoned and forests entered a period of regrowth 
(Foster, 1992; Foster and Motzkin, 1998; Foster et al., 2008).  Stone walls are concealed by the 
rebounding forests and can be identified on the landscape today with high-resolution topographic 
data derived from airborne light detection and ranging, otherwise known as LiDAR (CT ECO, 
2018). 
In addition to agriculture, Connecticut experienced intensive deforestation for the 
charcoal industry.  Charcoal was a crucial raw material for the production of iron, therefore, 
numerous hearths can be found in the forests near old iron works in the eastern United States, 
specifically northwestern Connecticut (Raab et al., 2017).  The charcoal industry began in the 
18th century with the founding of the first furnace in 1762, peaked around 1850, and extended 
into the late 19th century.  In Litchfield County, more than 20,000 hearths have been mapped in 
an area of 1170 km2 using LiDAR (Raab et al., 2017).  Charcoal production in this area was an 
extensive business.  Loggers cut up the forests for logs and colliers stacked these logs on round 
platforms to form charcoal hearths.  Charcoal hearth sites were earthen and mostly temporary; 
use ranged from once to multiple times, and, in some cases, sites were reoccupied >25 years after 
initial use after forest regrowth (Raab et al., 2017).  In Litchfield County, forests were divided 
into 50- to several hundred-acre blocks for charcoal production and were cut successively up to 
five times.  The legacy of relict charcoal hearths (RCHs) on the forested landscape reveals the 
extent of deforestation in northwestern CT. 
The purpose of this project is to document the anthropogenic fingerprint in the 
sedimentary record of southern New England.  New England has a unique history of 
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deforestation and subsequent reforestation, and many studies look at how ecosystems and 
sedimentary regimes respond to this disturbance (Foster et al., 1998; Foster et al., 2002; Thorson 
et al., 1998; Francis and Foster, 2001; Thompson et al., 2013; Reusser et al., 2015).  Wetlands 
are catchments for sediment that is transported from the hillslopes and often preserve a signal of 
anthropogenic activity (Thorson et al., 1998; Sritairat et al., 2012; Kruger et al., 2015).  In this 
study, upland wetland systems in Connecticut were evaluated and cored due to their proximity to 
historic land use change.  Sites were selected based on land use type denoted by the nearby relict 
features, such as stone walls that indicate pasture-style agriculture and charcoal hearths that 
imply deforestation (Fig. 5).  In order to constrain a geochemical signature relative to each type 
of land use activity, we cored wetlands that experienced deforestation as a result of agriculture or 
charcoal production, or a mixture of both practices.  Four study sites were selected in eastern 
Connecticut that primarily have agricultural land use history (cores ASBP, ASYF, HBH3, and 
PT1).  One site was selected in Litchfield County, CT that experienced deforestation solely for 
charcoal production (cores SMER1 and SMER3).  Two sites were chosen that experienced both 
land use types in Eastford and Norfolk, CT (cores ESBB, BMN1 and BMPC5).  Two floodplain 
sites that experienced a significant amount of anthropogenic activity (HPSC3 and HSTM) were 
also looked at in this study to compare geochemical records and variability.   
Five sediment cores (SMER1 and SMER3, BMN1 and BMPC5, and HBH3) were taken 
in 2017 with varying land use histories.  Vibracore SMER1 and push core SMER3 are from a 
drained wetland in the Housatonic State Forest in the town of Sharon in Litchfield County.  The 
Housatonic Forest was extensively used for timber harvest for charcoal production, which can be 
gathered by the number of RCHs visible on the LiDAR hillshade raster (Fig. 6).  The local 
watershed that drains into the wetland is ~1.037 km2 and is dominated by thin glacial till 
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deposits.  Local bedrock consists of granitic gneiss and rusty mica schist.  Vibracore BMN1 and 
push core BMPC5 are from a wetland in Norfolk in Litchfield County and are influenced by both 
agriculture and charcoal production, as indicated by the presence of stone walls and RCHs on the 
hillslope.  The contributing drainage area to BMN1 and BMPC5 is ~1.406 km2 and shows 
erosional features such as gullies on the surrounding landscape.  Vibracore HBH3 is from 
Horsebarn Hill Marsh on the University of Connecticut’s campus in Storrs.  The local drainage 
area is dominated by thin and thick till deposits.  Local bedrock consists of granofels, schist, and 
gneiss.       
 Four cores (ASBP, ASYF, ESBB, PT1) were collected in 2015 in the towns of Ashford 
and Eastford, Connecticut at sites that were once deforested for pasture and agriculture.  Stone 
walls, old house foundations, grave sites, and abandoned roads indicate that these sites were 
cleared for a period of time until land abandonment led to forest regrowth.  Vibracore ASBP is 
from a small, earthen-dammed pond that beavers have reoccupied in the town of Ashford.  The 
contributing watershed that drains into the pond at ASBP is 4.536 km2 and is situated in the 
Natchaug State Forest.  Bedrock geology at the site consists of granofels and schist.  Surficial 
geology is dominated by thin and thick till deposits, as well as deposits related to ice dammed 
ponds (CT DEEP, 2018).   
 Push core ASYF is from a paleo-dammed wetland in the Yale Forest in Eastford.  The 
contributing drainage basin that feeds the wetland is 1.699 km2.  LiDAR analysis of the site 
reveals a suite of stone walls and old roads in the forest.  The drainage basin that feeds the 
wetland is 1.699 km2, and bedrock geology in the contributing watershed is granofels and schist.  
Surficial geology is dominated by well-weathered soils, thin and thick till deposits, and Holocene 
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swamp deposits (CT DEEP, 2018).  The wetland is also influenced by the presence of beavers.  
Beaver dams downstream likely caused the site to develop into a marsh ecosystem.   
  Push core ESBB is from a wetland in the Natchaug State Forest in Eastford.  The 
contributing watershed 3.854 km2 and LiDAR data reveals features such as stone walls, old 
roads, and charcoal hearths on the hillslopes.  While stone walls are indicative of low gradient 
farms, the presence of hearths suggests that the charcoal industry existed in Eastford as well.  
This provides a mixed land use history of deforestation for agriculture and charcoal burning at 
this site.  The bedrock geology at ESBB is primarily gneiss, and surficial deposits are dominated 
by thin and thick till, and post-glacial swamp deposits (CT DEEP, 2018).   
 PT1 is a short push core that was taken behind a relict dam in Putnam, Connecticut, with 
a contributing drainage area of ~2.155 km2.  The site is dominated by thin and thick till deposits 
and sand and gravel overlying fine-grained alluvial material.  Bedrock geology includes 
interbedded thinly bedded quartzite, mica schist, and dark gray gneiss.  LiDAR analysis reveals 
stone walls in and around the watershed.  The dam at PT1 is approximately 150 years old, and 
preserves accumulated anthropogenic material.   
 Additionally, two cores were collected in 2015 from sites in the Housatonic River 
watershed in western Connecticut.  Sediment cores HSTM and HPSC3 were previously collected 
by Schenk and Kelleher, respectively.  Vibracore HSTM lies on the confluence of the 
Housatonic River and Ten Mile River, which drains from Dutchess County, NY into Kent, 
Connecticut.  The Ten Mile River watershed covers ~520 km2 while the Housatonic River 
watershed extends ~1,422 km2 across New York, Connecticut, and Massachusetts.  HSTM lies 
on an abandoned paleo-channel meander located adjacent to a terrace (Schenk, 2016).  Local 
bedrock geology includes quartzite, gneiss, and schist, as well as marble.  Surficial deposits in 
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this region are dominated by alluvial sand and gravel, alluvial fines, and till.  HPSC3 is a 
vibracore from the Hollenbeck Dam on the Hollenbeck River in Canaan, Connecticut.  
Hydropower from the Hollenbeck Dam was used to power the Buena Vista iron furnace from 
~1847-1893, which was later abandoned after the 1920s (Kelleher, 2016).  The dam remained, 
and records an extensive record of anthropogenic sedimentation, geochemistry, and hurricane 
deposits.  Bedrock geology is generally gneiss, schist, quartzite, and marble of Early Paleozoic 
composition, and surficial geology is mostly Holocene flood plain alluvium, thin till, and glacial 
laid ice deposits.   
 
Methodology 
Sediment Core Collection 
 All cores sites were located on ArcMap using 1m-resolution digital elevation models 
(DEM) derived from airborne Light Detection and Ranging (LiDAR) data and digitized stone 
wall and relict charcoal hearth features (CT ECO, 2018; Johnson and Ouimet, 2014, 2016; Raab 
et al. 2017). Cores were collected with a vibracorer or push core with a 3-inch diameter 
aluminum pipe, ranging in lengths 1m to 4m.  
 Cores were transported to lab at the University of Connecticut and opened with an 18 
Gauge Swivel Head Shear and spatula. Split cores were cleaned by scraping off surface material 
gently with a knife.  After air-drying for ~24 hours, cores were described based on color, grain 
size, organic content, and material. Older cores were sampled every 5-10 cm based on material 
and units, and recent cores were sampled continuously every 3 cm for multiple geochemical 
analyses. 
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Geochemical Analyses 
 Samples were prepared at the University of Connecticut for loss on ignition (LOI), 
portable x-ray fluorescence (XRF), isotopic nitrogen (G15N) analyses, and radiocarbon dating.  
Samples were dried at 40 °C for 48 hours and homogenized with a mortar and pestle for 
subsequent splits.  Samples were prepared for LOI following the National Lacustrine Core 
Facility (LacCore) protocol.  Approximately 1-2 g of dried sample was weighed out for LOI in 
ceramic crucibles and burned for four hours at 550 °C to remove organics and calculate organic 
content.  About 0.5-1 g of dried sample was prepared for XRF analysis of 33 elements (Mo, Zr, 
Sr, U, Rb, Th, Pb, Se, As, Hg, Au, Zn, W, Cu, Ni, Co, Fe, Mn, Cr, V, Ti, Sc, Ca, K, S, Ba, Cs, 
Tb, Sb, Sn, Cd, Ag, and Pd) via a Thermo Scientific Niton XL3 Analyzer handheld XRF gun.  
Samples were analyzed for bulk (soil) analysis to determine the trace element geochemistry of 
the sediment.  
 Dried samples were prepared for bulk isotopic nitrogen analysis on a TC/EA Thermo 253 
Plus IRMS.  Approximately 6-15 mg of sample was packed in tin capsules.  Reference standards 
sucrose (IAEA-CH-6), acetanilide, L-glutamic acid (USGS-40), and caffeine (IAEA-600) were 
used for isotopic correction.  Radiocarbon AMS dating of wood and charcoal was performed at 
the National Ocean Sciences AMS Facility at Woods Hole Oceanographic Institute.  Calendar 
ages were calibrated using the calibration curve OxCal 
(https://c14.arch.ox.ac.uk/calibration.html; Table 1).  
 A subset of cores (ASBP, ASYF, ESBB, PT1) was run for G15N and heavy metal analysis 
at the Union College Geology Department Stable Isotope lab and ICP-MS Analytical Facility.  
Samples prepared for stable isotope analysis were analyzed using a Thermo Delta Advantage 
mass spectrometer in continuous flow mode connected to a Costech Elemental Analyzer via a 
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ConFlo III.  Samples prepared for ICP-MS analysis were weighed (50 to 100 mg) in a 50 mL 
falcon tube and deionized H2O (9.5 mL) and high-purity HNO3 (1.0 mL) were added to each 
sample.  Samples were shaken for 12 hours and then refrigerated for 24 hours.  After 
refrigeration, 0.5 mL and 0.05 mL of each sample solution were transferred to two sets of clean 
falcon tubes and mixed with 2.5 mL of diluting solution.  Sample solutions were run for 
extractable heavy metal concentrations by a PerkinElmer/Sciex Elan 6100 DRC ICP-MS for Pb, 
Cu, and Zn.     
 
Geospatial Analyses 
 Sediment core sites were chosen based on the land use history of the contributing 
watershed.  Our work is focused in areas that are mostly forested today.  Ground return 1-m 
resolution LiDAR data was explored for visible abandoned features, such as stone walls, old 
roads, and charcoal hearths (CT ECO, 2018; Johnson and Ouimet, 2014, 2016).  Datasets of 
stone walls and charcoal hearths that were digitized prior to this study offer insight towards the 
magnitude of land clearance in Connecticut.  Watershed analyses were conducted using the 
Hydrology Toolset on the DEM raster to constrain a contributing drainage basin around a 
wetland of interest.  Digitized stone walls and charcoal hearths were clipped to the watershed 
polygon for buffer analysis (Fig. 6).   
Five sites (ASYF, ASBP, ESBB, SMER, and BMN) were analyzed using a buffer 
function on ArcMap to assess inferred land clearance through time.  A geospatial buffer analysis 
serves as a proxy for land clearance around stone wall and charcoal hearth features.  Stone walls 
were used as input line features, and a distance of 75 to 100 meters was applied for the buffer 
radius distance.  Given the general area of land use within wall boundaries, and the motivation to 
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physically move ablation till over short distances, it can be assumed that at least 75 m of land 
was cleared in the radius around a point on a wall.  The resulting output, a dissolved buffer, 
contains an area (square meters) that can be inferred as cleared land around stone walls (Table 
3).   
 Similarly, charcoal hearths were used as input point features in the buffer analysis.  70-
meter radii were drawn around hearth points.  In order to construct a charcoal mound, 2-4 acres 
(~25-45 cords of wood) were cleared around the hearth.  This produces a 50 to 70-meter range in 
radius around a given charcoal hearth.  The maximum range of cleared land was thus inferred by 
using the buffer analysis and clipping the output polygon to the watershed boundary (Table 3).   
 Additionally, historic air photos from 1934 to present were used to assess land cover and 
landscape change over time at three of the nine study sites (ASYF, ASBP, and ESBB; Fig. 7, 
Table 4; UConn MAGIC).  The peak extent of deforestation in historic time is thought to be 
~1850 (Foster et al., 2008; Thorson, 2002).  Forest regrowth occurred shortly afterwards and is 
visible in air photos over the past century.  
 
Results 
Core Stratigraphy and Sedimentation Characteristics   
 Core stratigraphy varies from site to site, as well as between sample locations within the 
wetlands.  Cores SMER1 and SMER3 are 2.5 meters and 1 m in length, respectively (Figs. 8 and 
9).  The upper 0.75 to 1 meter of SMER1 is dominated by organic-rich, reedy to compacted felty 
peat and transitions into a gray clay-rich sediment in the remainder of the core from 1.5 m to 
depth.  Loss on ignition values for SMER1 are high in the upper meter, ranging from 40-95%.  
Woody debris was sampled at 0.36 m for AMS 14C dating and is calibrated to be 2,976 r 45 cal 
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BP.  SMER3 is a more compacted core due to the push core method, but shows a similar 
transition from reedy peat at the top 0.20 m to clay-rich clastic sediment with depth.  An abrupt 
color change from brown to gray sediment occurs at 0.35 m and ends at 0.50 m, before 
transitioning starkly into a woody layer with macroscopic bits of charcoal at 0.56 m.  This layer 
was sampled for 14C dating and is calibrated to be 10,939 r 115 cal BP.  The remainder of the 
core is dark gray, silty clay.  LOI values range from 10-60% for SMER3.   
 BMN1 is 2.3 m long and is dominated by sand and silt with very few organics.  LOI 
values for this core are relatively low, averaging 20-30% LOI throughout the core (Fig. 10).  The 
upper 0.45 m is dominated by light brown peat with interfingering silt and sand until a transition 
to silty sand from 0.45 to 1.0 m.  The remaining meter transitions from woody peat with 
interfingering sandy layers and coarsening with depth.  Abrupt color changes mark differences in 
material as well as organic content.  Three 14C ages were obtained from woody debris in BMN1: 
146 r 119 cal BP at 0.38 m, 8,882 r 88 cal BP at 1.0 m, and 12,779 r 65 cal BP at 1.35 m.  
BMPC5 is 2.1 m in length and contains woody, organic-rich peat in the upper meter, with sandy 
peat towards the surface (Fig. 11).  The remaining meter is dominantly light gray to light brown 
silt.   
 HBH3 is 2.6 m in length and exhibits a transition from silty clay at depth to a dominantly 
peat unit with interbedded sandy layers (Fig. 12).  At 2.5 m depth, sediment transitions from light 
to dark gray silty clay to dark brown peat at 1.75 m.  The dark brown peat unit is capped by silty, 
dark gray sediment at 0.50 m that lies beneath a light gray sandy unit at 0.20 m.  Two sandy 
layers occur in HBH3; one unit exists at 1.75 m and contains macroscopic pieces of charcoal, 
and the second unit spans from 0.10-0.20 m at the top of the core.  Reedy organics overlie the 
sandy unit at the top of the core.  LOI values range from near 0% up to 80% towards the middle, 
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and ultimately decrease towards the surface to values near 0-40%.  The sandy charcoal layer at 
1.75 m correlates with the layer at 3.10 m in core HBH4 taken four meters from the site of 
HBH3, which was sampled for 14C dating.  The age of the charcoal in the sandy unit is calibrated 
to be 8,900 r 100 cal BP.    
 ASBP is a 1.1 m core that exhibits coarse, sandy material with depth and transitions into 
dark brown peat at 0.80 m, and ultimately into a silty sediment with interbedded sandy layers 
from 0.40 m towards the surface (Fig. 13).  LOI values range from 0-60%.  At 1.06 m, wood was 
dated to be 4036 r 41 cal BP.  ASYF is about 1.05 m long and is dominated by organic-rich 
sediment and peat (Fig. 14).  LOI values range from 60-95%.  At depth, the core is dominantly 
dark brown, organic-rich sediment and transitions to reedy peat around 0.50 m.  The upper 0.50 
m is reedy and compacted peat.  Wood was 14C dated at 0.74 m and is 223 r 66 cal BP.  ESBB is 
1.2 m long and exhibits a gradual transition from light brown silty clay-rich sediment at depth, to 
darker brown organic sediment, and ultimately felted peat at the surface (Fig. 15).  Noticeable 
color changes occur at 0.70 m and 0.35 m.  LOI values vary from 10-80% throughout the core.  
Two radiocarbon ages were obtained from 0.29 m and 1.14 m and are 362 r 54 cal BP and 
14,449 r 346 cal BP, respectively.  Core PT1 is 0.50 m long of compacted dark brown, organic-
rich mud (Fig. 16).   
 HPSC3 is nearly 4.0 m long and is dominantly dark brown sediment with interfingering 
sandy layers throughout the core (Fig. 17).  Macroscopic pieces of charcoal and large woody 
debris are noted at 3.0 m depth.  Two sand layers exist at 1.60 m and 1.10 m deep.  LOI values 
range from 0-40% throughout the core.  Radiocarbon data for HPSC3 at 3.90 m is calibrated to 
be 12,327 r 184 cal BP.  HSTM1 is about 5.0 m long and displays a transition from silty 
sediment at depth to darker, organic-rich sediment towards the top (Fig. 18).  Percent organic 
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carbon content ranges from 20-95% throughout the core.  Noticeable color changes of light 
brown sediment to dark brown sediment occur at 3.5 m.  Four ages were obtained for HSTM: 
3,642 r 37 cal BP at 0.44 m, 7,902 r 35 cal BP at 1.56 m, 10,441 r 88 cal BP at 3.63 m, and 
12,855 r 87 cal BP at 4.82 m.   
 
Geochemistry 
Isotopic nitrogen (G 15N) analysis 
 Isotopic nitrogen analysis was conducted on eleven cores to assess N-variability and 
anthropogenic sources of nitrogen.  G15N values for the eleven cores range from approximately -
4.0‰ to +7.0‰.  Values for SMER1 range from -2.3 to +1.1‰ (Fig. 8).  G15N values are about -
2.0‰ with depth and increase to heavier values around 0.95 m.  Another shift occurs around 0.35 
m to positive values hovering around 0.0 to +1.0‰.  Values for SMER3 are between -1.1 and 
+1.9‰ (Fig. 9).  G15N values are negative at the bottom of the core, and shift to more enriched, 
positive values at 0.45 m.  G15N values shift again at 0.36 m to lighter values towards the top of 
the core.  G15N values for BMN1 are limited due to analytical error, but range from -1.5 to 
+1.7‰ (Fig. 10).  Values for BMPC5 range from -1.2 to 0.4‰ (Fig. 11).  G15N values for HBH3 
range from -1.9 to +3.7‰ (Fig. 12).  There is a clear shift at 1.0 m from lighter values to more 
enriched values towards the top of the core.  The heaviest value (+3.7‰) occurs at the surface of 
HBH3.   
 G15N values for ASBP range from -0.5 to +7.1‰ (Fig. 13).  Values are lighter at depth 
and become more enriched towards the top of the core.  The heaviest value occurs around 0.40 
m, and then gets progressively lighter (~ +3.0 to +4.0‰) towards the top.  G15N values at the 
surface are not as light as values at depth, however.  G15N values for ASYF range from -0.8 to 
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+3.7‰ (Fig. 14).  Like ASBP, values are lighter with depth but shift around 0.55 m towards 
more enriched values, and then get progressively lighter towards the surface.  The heaviest value 
occurs at 0.40 m.  Values at the top ASYF are not as light as G15N values at depth.  G15N values 
for ESBB range from -0.8 to +2.3‰ (Fig. 15).  A slight shift to more positive G15N values occurs 
at 0.60 m and again at 0.25 m, and gets progressively lighter towards the top.  G15N values for 
PT1 range from +1.7 to +2.2‰ and are consistent throughout the core (Fig. 16).   
  G15N values for HPSC3 range from -1.01 to +2.1, and generally stay consistent 
throughout the core (Fig. 17).  G15N values for HSTM range from -3.6 to +0.1‰ (Fig. 18).  
Values vary throughout the core but progressively get lighter towards the surface.   
 
XRF analysis 
        XRF analysis was conducted on several cores (SMER1, SMER3, BMN1, BMPC5, HBH3, 
ASYF, ASBP, ESBB, PT1) for anthropogenic trace metal concentrations (counts) such as Pb, 
Cu, Co, and Zn.  XRF for SMER1 detected Pb (0-4), Zn (0-107), and Cu (0-90).  XRF for 
SMER3 detected Pb (0-26), Zn (50-110), and Cu (0-4).  XRF for BMN1 detected Pb (0-80), Cu 
(0-60), and Zn (50-140).  XRF for BMPC5 detected Pb (0-50), Cu (0-80), and Zn (0-120).  XRF 
for HBH3 detected Pb (0-60) and Zn (0-400).  XRF for ASYF detected Pb (0-25), Cu (0-60), and 
Zn (0-70).  XRF for ASBP detected Pb (0-30), Cu (0-10), and Zn (0-100).  XRF for ESBB 
detected Pb (0-15), Cu (0-20), and Zn (0-60).  Pb (0-60) and Zn (40-70) were detected in PT1 as 
well.   
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Geospatial Analysis 
 Five sites (ASYF, ASBP, ESBB, SMER, and BMN) were analyzed using the buffer tool 
on ArcMap to assess inferred land clearance through time (Table 3; Fig. 7).  Buffers were 
produced around stone walls and charcoal hearth features, and area was deduced within the 
boundaries.  Deforestation is classified related to two distinct land use practices, and some sites 
experienced both types, such as ESBB and BMN.  The maximum amount of inferred cleared 
land exists for the watershed at ASYF, where approximately 93.7% of the drainage area was 
deforested for pasture or agriculture.  Watersheds ASBP, ESBB, and SMER experienced about 
75-80% deforestation, while BMN experienced less at 50% land clearance.   
 
Discussion 
Geospatial Analysis 
 The buffer analysis is a good proxy for estimating 17th-19th century land clearance 
because it uses stone walls and relict charcoal hearths (RCHs) as a proxy for deforestation.  
Inferred land clearance offers insight towards the amount of erosion that could have occurred as 
a result of deforestation.  The local watersheds that were analyzed experienced at least 50% 
deforestation.  Approximately 94% of forests at the local drainage area for ASYF were cleared.  
The buffer analysis provides an estimation of local old growth forest clearance that ensued in the 
three-century period of colonial agriculture.  It cannot be assumed, however, that the area 
derived from the buffer analysis equates to the total extent of land cleared at one point in time.  
Overall, buffers produced around stone walls and charcoal hearths provide an estimation of the 
spatial extent of land clearance for farming or charcoal production.  
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 In order to interpret landscape responses to deforestation and landscape modification, it is 
important to consider the timing of land clearance.  It is known that deforestation initiates 
hillslope erosion and increases sedimentation in waterways (Hooke, 2000; Reusser, 2015).  The 
duration of land use and clearance, as well as the type of land use, will affect erosion regimes.  
Historic agriculture was persistent in southern New England from the late 17th to 19th centuries, 
and peaked in the mid 19th century as agriculture adjusted to the pressures of growing 
industrialization (Foster et al. 2008).  Deforestation associated with pasture and agriculture was 
thus long-lived and would fundamentally alter regional sedimentation regimes for at least two 
centuries.  The charcoal industry, contrastingly, was shorter lived compared to agriculture and 
lasted from the late 18th to 19th centuries (Raab et al., 2017).  Deforestation related to charcoal 
production was much more pulsed compared to deforestation for cultivation, yet occurred on 
steeper hillslopes than agriculture.  These processes could be manifested in the sedimentary and 
geochemical record differently as a result of this spatial and temporal variability (Fig. 2).        
 
Sedimentation Characteristics and G15N Analysis 
 Shifts in G15N values of sedimented organic matter record landscape disturbances such as 
deforestation, hillslope erosion, and nutrient fluxes.  G15N enrichment occurs in most of the 
sediment cores in this study and is likely a result of wetland sedimentation changes or nutrient 
input.  Values tend to be more enriched at sites downstream from historic agriculture than sites 
that are near deforestation for charcoal production (Fig. 19).  This is most likely due to the 
presence of additives on cultivated soils, such as cow manure, to provide nutrients for farming.  
ASYF, ASBP, and HBH3 display the most enriched values out of all of the cores, most likely 
because these sites were primarily used for agriculture.  The watershed at HBH3 is currently 
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influenced by grazing cattle, which supports the notion that organic cow waste is a major cause 
of nitrogen enrichment.  Additionally, forest soils have more enriched G15N values relative to 
wetland sediments, therefore positive shifts in G15N are indicative of hillslope sedimentary input.  
Other cores, such as SMER1 and SMER3, experience G15N shifts that are less positive than 
pasture sites due to the lack of manure and cultivation on surrounding hillslopes, which can be 
assumed due to the absence of stone walls.  When G15N values are categorized based on land use, 
this trend is easily noticeable.  This breakdown also demonstrates that signatures may vary 
within cores from the same wetland, which is evident for SMER1 and SMER3, and BMN1 and 
BMPC5.   
    G15N signatures vary based on core location in the wetland (Fig. 20).  Cores that are 
taken closer to the hillslope source or stream input typically show more discernable shifts in G15N 
values.  SMER1 is a deep core taken from the center of the wetland, where peat and organic 
content is expected to be highest.  Because it is farther from the hillslope than SMER3, sediment 
yielded from allochthonous sources are not found in SMER1.  The slight enrichment in G15N 
over time is likely due to wetland evolution resulting from environmental change.  The basal part 
of the core is dominated by light gray glacial clays and sand, with little to no organics.  The 
middle of the core, where the nitrogen record begins, gradually becomes more organic-rich as the 
local environment changes.  The environment was cooler at first and experienced little organic 
input, but eventually warmed and fostered forest development and increasing organic content.  
The age of the layer at 36 cm in SMER1 is 2,976 r 45 cal. years BP, which is confirms that most 
of the core is early to middle Holocene in age.  Therefore, SMER1 provides a longer record of 
environmental change, but may not be a conducive location for assessing anthropogenic activity.  
SMER3 was taken closer to the stream input, and as a result records a pulse of clastic sediment at 
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40-50 cm that could be derived from the hillslope.  Although the date recorded at 56 cm is 
10,939 r 115 cal. years BP, the nitrogen data begins to shift to more enriched values that are 
similar to forest soil values.  This trend is not seen in SMER1, so it is believed to be the result of 
anthropogenic disturbance.  The charcoal industry was widespread in the Housatonic State Forest 
at SMER, and the land clearance associated with charcoal production could have initiated 
erosion of hillslope soils into the wetland.   
 A similar trend is seen between BMN1 and BMPC5.  BMN1 has more positive G15N 
values than BMPC5 because it was taken at the edge of a delta by a gully feeding the wetland.  
The gully is an erosional feature indicative of anthropogenic activity, and therefore delivers a 
signature from the surrounding landscape.  BMN1 is dominated by silt and sand, with little peat 
or organic matter.  Although the available nitrogen data is limited for this core, it still reflects a 
positive trend because surface values are more enriched than basal values.  The upper 50 cm is 
also young in this core, given by the date for the charcoal layer at 40 cm (146 r 119 cal. years 
BP).  This wetland experienced charcoal harvest in addition to agriculture, so the presence of 
charcoal in BMN1 is likely related to that activity.  BMPC5 is more organic than BMN1 but is 
not as enriched in G15N.  A slight shift towards heavier G15N values is detected, however, that 
coincides with a unit of silty peat that resembles the unit at the top of BMN1.  These trends could 
be sedimentary and geochemically related as a result of the gully fan propagating outwards 
towards the wetland center.  Overall, these geochemical and sedimentological inconsistencies 
illustrate how geochemical signatures and core stratigraphy can vary within a wetland with 
regards to location.   
  G15N signatures also vary based on sedimentation history at each site.  Some of the cores 
have sandy pulses in the upper 50 cm (ASBP, HBH3, and SMER3) that are thought to be from 
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events related to climate or human impact.  Hurricanes or flooding events could have washed 
coarser material into the wetland.  Additionally, landscape modification may have facilitated 
sediment mobilization upon the removal of tree roots and tillage of forest soils for farming.  
Loosely-packed soils could have been washed downstream into the wetland during an extreme 
weather event.  This pulse of material carries a G15N signature influenced by soil processes or 
landscape modification, and will thus be more enriched than wetland sediment.  Other cores, 
such as ASYF, ESBB, and PT1, do not experience any major pulses of clastic or clay-rich 
material.  ASYF gradually transitions from an organic-rich lacustrine setting to a peaty marsh 
towards the surface.  Radiocarbon data suggests that the majority of the core is young (223 r 66 
cal. years BP at 74 cm).  G15N data shifts in the upper 60 cm, which could be due to increased 
nutrient input from the landscape related to farming.  ESBB experiences two shifts in G15N, the 
first occurs at 65 cm and the second at 25 cm.  Like ASYF, ESBB gradually transitions from an 
organic-rich lacustrine setting to a stable marsh environment.  However, radiocarbon results from 
this site indicate that this record is older.  Radiocarbon data from 114 cm is 14,449 r 346 cal. 
years BP, and 362 r 54 cal. years BP at 29 cm.  The G15N shift could be related to wetland 
sedimentation change, hillslope signatures, or a mixture of both scenarios.  The age at 29 cm 
suggests that the second shift in G15N could be related to more recent anthropogenic processes, 
while the older shift might be related to environmentally-driven changes.  PT1 is 50 cm of 
compacted peat, and records a steady G15N signature that hovers around +2.0‰.  According to 
Krüger et al. (2015), the G15N signal of peat soils is driven by vegetation input, decomposition, N 
deposition, and fertilizer application, and should be constant at around 0.0‰ if atmospheric N is 
the primary source of N.  Given that the values in PT1 are close to those forest soils and 
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inorganic fertilizers, it can be assumed that this core is recording an anthropogenic signal or is 
affected by anthropogenic processes on the hillslope.    
 HSTM and HPSC3 exhibit longer sedimentary and geochemical archives as well, and 
have unique locations that may govern the signals recorded at each site.  HSTM lies on the 
confluence of two rivers, the Ten Mile and Housatonic, and currently exists as a marsh on an 
abandoned paleo-channel.  The 515 cm core records a lacustrine environment with depth, as 
indicated by fine-grained clastic material up until 350 cm, and transitions into organic-rich peat 
towards the surface.  LOI data for this core shows that organic content decreases towards the top, 
as more mineralogic input is being deposited from a small stream (Schenk, 2016).  G15N values 
for HSTM are negative, and display variability throughout the core.  The sediment at the top of 
the core, however, is more enriched than the basal material, which could be due to the input of 
hillslope material from the contributing stream.  Radiocarbon dates suggest that HSTM is mostly 
Holocene in age and is therefore recording a signal related to nutrient fluxes resulting from 
climate and environmental change.  Jones et al. (2010) found that typical values for early 
Holocene wetlands are more negative (0 to -6.0‰), which corresponds to values seen in HSTM.  
Conversely, core HPSC3 records anthropogenic sedimentation and hurricane deposits behind the 
abandoned Hollenbeck Dam that was constructed in ~1847.  Although this record is younger in 
the upper 2-3 m, G15N data still varies throughout the core.  The two sand layers occurring 
between 110-131 cm and 160-172 cm are likely resulting from hurricane-related floods, and 
carry a signature that is related to the hatting industry upstream in Danbury, CT (Kelleher, 2016; 
Varekamp, 2002).  The heaviest G15N value (+2.1‰) occurs at 135 cm, which coincides with the 
first sandy layer in the core, followed by a decrease in G15N values (-0.7‰) near the second 
sandy layer.  The decline in G15N values could be due to a depletion in N because of the 
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mineralogic material in the sandy layer.  The increase in G15N after the sandy layer at 150 cm 
could be a characteristic of the organic-rich sediment that is accumulating in between the sandy 
layers.  This signature could be associated with the anthropogenic activity at this site, as 
indicated by local stone walls, or a pulse of hillslope material that coincides with the events that 
produced the sandy units.  Overall, the G15N variability seen in HPSC3 is typical for the 
sedimentary history at this site, as it could be the result of mixing related to stream input at the 
Hollenbeck pond.  Slight shifts in G15N values could be related to nutrient input from nearby 
hillslopes, which could be further influenced by mixing due to fluvial processes. 
 Most of the cores exhibit negative G15N values at depth.  These values suggest that 
nitrogen can be derived from other sources in addition to an atmospheric source.  Jones et al. 
(2013) found that negative sediment core G15N values (-2 to -4‰) from an Alaska peatland 
correspond to late Pleistocene to early Holocene time periods and suggest high nitrogen 
availability.  The nitrogen isotope signal can be difficult to decipher because nitrogen can be 
derived from numerous sources and in different organic (N2) and inorganic (NH4+, NO3-) forms 
(Jones et al, 2013; Sharma et al., 2005).  Nitrogen can enter a system via allochthonous sources 
such as groundwater, surface water, and precipitation or can become available to plants through 
N2-fixation and mineralization.  The cores in this study exhibit negative G15N values at depth, 
which could be influenced by groundwater or surface water inputs in addition to atmospheric 
sources.  Because of the variable ways nitrogen can enter a wetland system, it is important to use 
discretion when interpreting background G15N values at depth in sediment cores.  Additional 
factors, such as diagenesis or decomposition, may influence or alter original G15N signals in 
cores.  Therefore, we must consider diagenetic processes in anaerobic conditions that may 
obscure the original environmental imprint.  Decomposition can also cause enrichment in 15N, 
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altering the original G15N signature.  In situ bacterial growth can increase G15N under oxic 
conditions.  Denitrification also alters G15N signals because it selectively removes 14N, which 
results in a heavier residual N pool.  These processes can influence the original G15N values in 
sediment cores, and thus need to be considered when interpreting positive or negative shifts in 
isotopic nitrogen.      
 
XRF Analysis  
 Trace metals, such as Pb, Cu, Zn, Hg, As, and Cd, are the biproducts of coal and oil 
combustion, and can be removed from the atmosphere by dry or wet deposition.  Other 
anthropogenic sources of trace metals include high-temperature processes in iron and steel 
production, municipal and sewage sludge incineration, cement production, and industrial 
application of metals in fertilizers (Pacyna, 1987).  All of the nine cores analyzed for trace metal 
concentrations via XRF exhibit increased levels of heavy metals (Pb, Cu, and/or Zn) in the upper 
20-40 cm.  Concentrations differ from core to core, however, as a result of differences in 
sedimentation or transportation at each site.  Some cores, such as ASBP, HBH3, and BMN, 
display higher concentrations of Pb than other cores such as SMER and ESBB.  Additionally, the 
depth of which concentrations start to increase varies between cores.  The timing and delivery of 
Pb and other heavy metals is different from site to site and can be a product of sedimentation 
history or transport mechanisms.   
 It is important to note that heavy metal trends begin to spike at shallower depths than 
G15N values (Fig. 21).  The material that is characterized by significant heavy metal signatures is 
ultimately younger and shallower than the material that is characterized by shifts in heavier G15N 
values.  This is a result of the timing of historic land use and the subsequent rise in fossil fuel 
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use.  G15N records reflect the onset of European settlement and deforestation, as well as the 
various types of land use, such as pasture-style agriculture and charcoal production.  Heavy 
metal records are associated with the rise of industrialization in the early 20th century (Varekamp 
et al. 2010).  Therefore, trace metal concentrations in these sediment cores are anticipated to shift 
after any noticeable shift in G15N records.       
Sites that experienced significant land use and sedimentation into the mid-20th century 
record Pb at deeper depths than the sites that did not experience as much land use activity into 
the 20th century (Fig. 22).  Anthropogenic sedimentary material is likely to have a Pb signature 
from the combustion of early 20th century fossil fuel.  The five samples run for XRF for PT1 
exhibit high concentrations of Pb (~60 counts) and Zn (~75 counts).  PT1 is compacted peat that 
was cored behind an earthen dam and is assumed to be material that is mostly anthropogenic in 
age and influenced by hillslope erosion and sedimentation.  The peat in PT1 is likely recording a 
hillslope signature or is accumulating metals atmospherically.  Anthropogenic material, or legacy 
sediment, is characterized by increased trace metal concentrations due to industrial activity 
(Walter and Merritts, 2008; Niemitz, et al. 2013), and the presence of Pb is thought to be due to 
leaded fuel combustion in the early 20th century (Varekamp et al. 2010).  Therefore, Pb 
concentrations in PT1 mark early 20th sedimentation, and are most pronounced due to the larger 
volume of younger material in this core.  Similarly, shifts in metal concentrations for HPSC3 
occur at a deeper depth (~175 cm) than other cores.  The presence of Pb, Cu, and Zn in HPSC3 
sediments reveals that those layers are anthropogenic in origin, which is concurrent with the 
sedimentation history at that site.  The Hollenbeck dam dates back to 1847, therefore most of the 
sediment accumulating at the site has been occurring since dam emplacement and reflects a 
larger volume of younger material than that which is seen at other sites.   
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 Pb signatures in the cores are primarily derived from atmospheric deposition, rather than 
particle transport.  Pb accumulation occurs at the surface of most of the analyzed cores, which 
suggests that it is likely atmospherically derived.  The occurrence of Pb at differing depths could 
be the result of variable sedimentation rates at each site, as well as the effect of vertical mixing 
from biologic activity or animals walking through wetlands.    
 Pb signatures could be affected by core lithology.  Trace metals preferentially adsorb to 
fine clay particles and organic matter (Varekamp et al. 2003).  Clastic material such as silt and 
sand will thus dilute or affect the trace metal signature in sediment cores.  Four cores (ASBP, 
ASYF, ESBB, and PT1) were analyzed for sediment-extractable heavy metal concentrations via 
ICP-MS (Figure 23).  This analysis removes variability seen in the lower portions of the cores, 
and exhibits increases in concentrations (ppm) in the upper 30 cm.  This could be due to the 
higher precision analysis involving the extraction of metals from sediment in an acidic solution.  
XRF analyzes the whole sample, and can be affected by grain size, material, or analytical errors 
with the gun.  Overall, this comparison demonstrates that trace metal accumulation typically 
occurs in the younger, surficial material within the cores and is largely associated with industrial 
activity over the past century.   
 
Conclusions 
 Historic land use dynamics in southern New England varied regionally and temporally, 
thereby influencing landscape responses to disturbance.  Sediment core lithology and G15N 
records reflect the varying types of land use across upland Connecticut.  Deforestation for 
pasture-style agriculture was persistent and sustained over a two-century period, while logging 
for the charcoal industry occurred on a more pulsed time scale and lasted about a century.  
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Characteristics of these varying land use types are manifested in local sedimentary records.  
Some sites show visible hillslope input, which is characterized by a decrease in organic content, 
increase in silty, clastic material, and high G15N values that are similar to values for hillslope soil 
or manure.  
 G15N values vary due to land use type.  Overall, sites that have been subjected to pasture-
style agriculture display higher G15N values than sites that were once cleared for other purposes, 
such as charcoal burning.  G15N values for pasture sites range from -2.0‰ to +7.0‰, while G15N 
for intermittent deforestation or mixed land use range from -2.0‰ to +2.0‰.  G15N data for the 
eleven cores suggests a trend based on core location as well.  Sediment cores taken close to the 
wetland edge, stream input, or a gully fan are more likely to record a hillslope signature (clastic 
layer; higher G15N values) than cores taken closer to the wetland center.  Additionally, sites that 
are influenced by riverine processes are more likely to show G15N variability throughout the core.  
These sites demonstrate G15N inconsistency due to more active mixing processes and 
sedimentation dynamics.    
 Trace metal concentrations, particularly Pb, provide useful insight towards anthropogenic 
sedimentation.  Pb concentrations typically peak after G15N shifts, due to the timing of 
anthropogenic impacts associated with industrialization.  G15N records begin deeper in most 
cores because they record land use change post-European contact.  Pb records mark the onset of 
industrialization in the late 19th and early 20th century as a result of the combustion of leaded 
fossil fuel.  Pb concentrations in the cores in this study are dominantly atmospherically derived, 
rather than the result of sediment transport.  Some cores, such as PT1, ASBP, HPSC3, and 
HBH3, record larger volumes of anthropogenic sedimentation or continue to accumulate 
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sediment into the mid-20th century.  Pb records in these cores may be derived by sediment 
transport processes in addition to atmospheric fallout.    
 The magnitude of deforestation is not easily recognizable on today’s landscapes, but 
traces of historic land use in southern New England are exposed with LiDAR data.  Implications 
of rapid land use change are recognizable in the sedimentary record and vary regionally across 
upland Connecticut.  Isotopic nitrogen records characterize the effect of European pasture-style 
agriculture on nutrient cycling and delivery in upland watersheds, while increased heavy metal 
concentrations represent the effect of late 19th to early 20th century industrialization.  
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Figure 1 
 
 
 
 
Figure 1: New England Land Cover Change 
(A) Historical changes in land cover and population for the central Massachusetts area.  Figure 
adapted from Foster and Motzkin, 1998.  Trends of population and land cover change are 
representative of the entire New England region, outside of Maine (B) Dioramas from Harvard 
Forest that illustrate the drastic land cover change in New England, from initial undisturbed 
forest regimes in 1700 to peak deforestation in 1850. 
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Figure 2 
 
 
 
 
Figure 2: Regional picture vs. local variability 
Land use style in southern New England varied spatially and temporally over a 250-year period.  
Relict features that are visible on 1m-resolution topographic data (LiDAR) include (A) stone 
walls and (B) charcoal hearths.  While pasture-style agriculture was sustained for most of the 
18th and 19th centuries, charcoal production was less persistent.  The potential impacts of these 
land use types are hypothesized to vary as a function of time and extent.   
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Figure 3 
 
 
 
 
Figure 3: d15N values of the biosphere 
A schematic that illustrates how d15N varies in the environment.  d15N values in the biosphere are 
influenced by fractionation processes in the nitrogen cycle, N-availability, and trophic level 
processes.  Nitrogen that is atmospherically derived will display little variability in d15N from 
source to sink, because fractionation associated with fixation is small (± 1.0‰).  Intermediate 
processes in the nitrogen cycle, such as assimilation, mineralization, nitrification, and 
denitrification, require a great deal of energy, therefore fractionation will be high for these steps.  
d15N of leaves and plants are also dependent on nitrogen availability in the soils, which further 
influences fractionation values for those processes.  d15N enrichment also occurs in increases in 
trophic level and waste excretion.   
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Figure 4 
 
 
 
Figure 4: Trace metals in the environment 
Trace metal accumulation in Long Island Sound sediments from industrial activity, adapted from 
Varekamp, 2010.  Metals, such as Pb, Cu, Zn, and Hg are the byproducts of the local hatting and 
smelting industries along the Housatonic River.  Trace metals adsorb to fine-grained particles 
and are subjected to erosion, transport, and deposition along waterways.  
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Figure 5 
 
 
 
Figure 5: Study Area 
Shaded relief map of the study area in southern New England displaying the locations of each 
sediment core in this study.  Core sites were selected across upland Connecticut with varying 
historic land use histories such as agriculture, charcoal production, or a mixture of both.   
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Figure 6: Relict land use features 
Digitized hillshade maps for three of the sites in this study, from left to right: SMER, BMN, and 
ASYF.  Watersheds are delineated by yellow lines, stone walls are designated by red lines, and 
relict charcoal hearths (RCHs) are green circles. 
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Figure 7: Reconstructing land use through time 
Aerial imagery was compared to LiDAR topographic maps to analyze and reconstruct land 
clearance through time at three watersheds in this study.  (A) Present day (2012) aerial 
photograph of watershed ASYF compared to (B) 1934 aerial photograph and (C) digitized 
hillshade. (D) 100 m-buffers provide a proxy for total cleared land around a wall. Geospatial 
buffer analyses infer the amount of land clearance associated with stone walls that are generally 
obscured in satellite imagery by tree canopy.  
  
±
0 500
Meters
0 500
Meters
0 500
Meters
0 500
Meters
Watershed
Core location
Stone walls
100 m buffer
ASYF
A DCB2012 1934
±
0 500
Meters
0 500
Meters
0 500
Meters
0 500
Meters
Watershed
Core location
Stone walls
100 m buffer
ASYF
A DCB
 46 
Figure 8 
 
 
 
Figure 8: SMER1 Core Data 
Calibrated ages are marked at depth (yellow star), LOI results presented in % Organics, d15N 
presented in per mil (‰), Heavy metals Pb, Zn, and Cu are presented in in unitless counts.  Data 
for SMER1 is limited to the top half of the core (upper 150 cm) due to interest in anthropogenic 
material. Bottom 1 m of SMER1 is comprised of post-glacial lacustrine sediment and clay.  
Postulated anthropogenic sedimentation is highlighted in gray.    
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Figure 9: SMER3 Core Data 
Calibrated ages are marked at depth (yellow star), LOI results presented in % Organics, d15N 
presented in per mil (‰), Heavy metals Pb, Zn, and Cu are presented in in unitless counts.  
Postulated anthropogenic sedimentation is highlighted in gray.  Zn and Cu signals at depth are 
influenced by mineralogic material.     
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Figure 10: BMN1 Core Data 
Calibrated ages are marked at depth (yellow stars), LOI results presented in % Organics, d15N 
presented in per mil (‰), Heavy metals Pb, Zn, and Cu are presented in in unitless counts.  
Postulated anthropogenic sedimentation is highlighted in gray.  d15N data is limited for BMN1 
due to analytical error.  Zn and Cu signals are influenced by mineralogic material at depth, but 
shift to anthropogenic signals at ~50 cm mirrored by an increase in Pb concentrations. 
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Figure 11 
 
 
 
Figure 11: BMPC5 Core Data 
d15N presented in per mil (‰), Heavy metals Pb, Zn, and Cu are presented in in unitless counts.  
Postulated anthropogenic sedimentation is highlighted in gray.    
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Figure 12: HBH3 Core Data 
Calibrated ages are marked at depth (yellow star), LOI results presented in % Organics, d15N 
presented in per mil (‰), Heavy metals Pb, Zn, and Cu are presented in in unitless counts.  C/N 
data is also presented for HBH3 and correlates with organic content.  Postulated anthropogenic 
sedimentation is highlighted in gray.    
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Figure 13: ASBP Core Data 
Calibrated ages are marked at depth (yellow star), LOI results presented in % Organics, d15N 
presented in per mil (‰), Heavy metals Pb, Zn, and Cu are presented in in unitless counts.  
Postulated anthropogenic sedimentation is highlighted in gray.     
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Figure 14: ASYF Core Data 
Calibrated ages are marked at depth (yellow star), LOI results presented in % Organics, d15N 
presented in per mil (‰), Heavy metals Pb, Zn, and Cu are presented in in unitless counts.  
Postulated anthropogenic sedimentation is highlighted in gray.    
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Figure 15: ESBB Core Data 
Calibrated ages are marked at depth (yellow stars), LOI results presented in % Organics, d15N 
presented in per mil (‰), Heavy metals Pb, Zn, and Cu are presented in in unitless counts.  
Postulated anthropogenic sedimentation is highlighted in gray.          
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Figure 16: PT1 Core Data 
PT1 is 50 cm of compacted anthropogenic peat, which is highlighted in gray.  d15N is presented 
in per mil (‰), Heavy metals Pb and Zn are presented in unitless counts. Cu results were below 
limit of detection for PT1.  LOI was not run for this core.   
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Figure 17 
 
 
 
Figure 17: HPSC3 Core Data 
Calibrated ages are marked at depth (yellow star), LOI results presented in % Organics, d15N 
presented in per mil (‰), Heavy metals Pb, Zn, and Cu are presented in in unitless counts.  
Postulated anthropogenic sedimentation is highlighted in gray.  Cs-137 dated material is noted at 
100 cm with a green triangle; large woody debris was sampled at 300 cm (blue triangle) and is 
thought to be the pre-dam level age of 1850 (see Kelleher, 2016).  HPSC3 displays shifts in d15N 
values and trace metal concentrations deeper in the core, which is associated with 19th century 
anthropogenic sedimentation behind the Hollenbeck dam at this site. 
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Figure 18: HSTM Core Data 
Calibrated ages are marked at depth (yellow stars), LOI results presented in % Organics, and 
d15N presented in per mil (‰).  XRF was not run for this core. 
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Figure 19: d15N values by land use type 
Nitrogen isotope composition of organic sedimented material in cores from various sites with 
distinguished land use histories.  Results are presented in three bins – one for each land use type: 
(A) wetlands that were deforested for charcoal production (B) wetlands that experienced 
deforestation for both charcoal production and pasture-style agriculture (C) sites that were 
cleared for pasture and farming.  Deforestation is expected to increase erosion and sedimentation 
in wetlands, therefore transporting a signature of high d15N values that reflects values for 
hillslope soils.  Pasture-style agriculture modifies soils and utilizes organic fertilizers, which is 
expected to produce a heavier signature than typical forest soils. 
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Figure 20: d15N values by core location 
Nitrogen isotope composition for each core, broken down by core location: (A) center of 
wetland, characterized by a stable peatland environment (B) wetland edge close to hillslope, 
gully, or steam input (C) wetlands influenced by riverine processes.  Cores closer to the 
perimeter of the wetland or nearby stream inputs are more likely to record a hillslope d15N 
signature.  Cores that experience fluvial input are more likely to have variable d15N values due to 
active mixing processes.   
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Figure 21: d15N vs. Pb shift 
d15N is plotted with Pb concentrations for four cores, which illustrates how the beginning of each 
geochemical trend occurs at different depths.  d15N values shift to higher values around ~60 cm, 
where Pb begins to shift at ~30-40 cm.  While Pb is a useful indicator of 20th century industrial 
activity, d15N records are influenced by earlier, historic land use practices.   
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Figure 22: Sites with sediment accumulation into the mid-20th century 
(A) Pb concentrations of cores that have longer records of anthropogenic sedimentation are 
compared to (B) Pb concentrations of cores that did not experience much land use activity into 
the mid 20th century.    
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Figure 23 
 
 
 
Figure 23: Metal Analysis Comparison - XRF vs. ICP-MS  
A comparison of XRF and ICP-MS results for four cores, ASBP, ASYF, ESBB, and PT1.  Both 
datasets show that relative XRF counts and ICP-MS concentrations are consistent in the 
uppermost layers, but at depth, where grain size increases and organic content decreases, XRF 
counts could reflect mineralogy (Zn and Cu especially). 
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Table 1: Expected d15N values for different processes and sources in the environment. 
 
Type of Material Expected δ15N values (‰) Reference 
Organic soil nitrate -2 to +9‰ Harrington et al. 1998 
Forested soils (surface) +2.0‰ Harrington et al. 1998 
Forested soils (at depth) +4.0‰ Hobbie and Ouimette, 2009 
Agriculture soils +7.3‰ Harrington et al. 1998 
Fertilizer -2.5 to +2.0‰ Harrington et al. 1998 
Organic Fertilizer (Manure) +8 to +12‰ Douglas, et al. 2002 
Human and animal waste +10 to +20‰ Harrington et al. 1998 
Peatland plant species -11.3 to +2.7‰ Krüger et al., 2014 
Lake sediment +2.0 to +4.0‰ McLauchlan et al., 2013 
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Table 2: Radiocarbon Ages  
 
Core Name Depth (cm) Calibrated Age (years BP) 
ASBP 106 4036 ± 41 
ASYF 74 223 ± 66 
ESBB 29 362 ± 54 
ESBB 114 14,449 ± 346 
HBH3* ~175* 8,900 ± 100 
SMER1 36 2,976 ± 45 
SMER3 56 10,939 ± 115 
BMN1 38 146 ± 119 
BMN1 100 8,882 ± 88 
BMN1 135 12,779 ± 65 
BMN1 200 13,165 ± 113 
HSPC3 390 12,327 ± 184 
HSTM1 44 3,642 ± 37 
HSTM1 156 7,902 ± 35 
HSTM1 363 10,441 ± 88 
HSTM1 482 12,855 ± 87 
 
Calibrated radiocarbon ages of sampled wood and plant matter for nine sediment cores.  
Calendar ages were calibrated using the calibration curve OxCal 
(https://c14.arch.ox.ac.uk/calibration.html).  
*14C date stratigraphically correlates with the age of the charcoal layer at 310 cm in core HBH4.  
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Table 3: Estimated Peak Land Clearance (1825-1875) Using Geospatial Analysis  
Core Watershed Area (km2) 
Area of cleared 
land inferred from 
buffer analysis 
(km2) 
Land Use 
Feature 
Range of 
Buffer (m) 
Cleared Land 
Estimated for 
~1825-1875 
(%)  
ASYF 1.699 1.592 Stone walls 100 93.7 
ASBP 4.536 3.445 Stone walls 100 75.9 
ESBB 3.854 2.668 0.454 
Stone walls 
RCHs 
100 
70 
69.2 
11.8 
SMER 1.037 0.798 RCHs 70 77.0 
BMN 1.406 0.572 0.150 
Stone walls 
RCHs 
100 
70 
40.7 
10.7 
 
Historic land clearance estimates for five watersheds in this study: ASYF, ASBP, ESBB, SMER, 
and BMN.  The buffer tool was used to approximate the total amount of land cleared around a 
relict feature, such as a stone wall or charcoal hearth.  Buffer ranges around stone walls were 
derived by estimating the amount of physical labor necessary for moving boulders out of cleared 
fields.  Ranges for charcoal hearths were projected based on converting the volume of wood 
gathered for one hearth into area cleared. 
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Table 4: Estimated Land Clearance Using Air Photos 
 
Core Watershed Area (km2) 
Area of cleared 
land inferred 
from digitized 
fields (km2) 
Air Photo Year Cleared Land (%) 
ASYF 1.699 
0.1404 1934 8.26 
0.06806 1951 4.00 
0.1929 1970 11.4 
0.09127 2012 
 
5.37 
ASBP 4.536 
0.6263 1934 13.8 
0.6624 1951 14.6 
0.3575 1970 7.88 
0.5479 2012 
 
12.1 
ESBB 3.854 
0.3381 1934 8.77 
0.4586 1951 11.9 
0.1712 1970 4.44 
0.2149 2012 5.58 
     
 
Land clearance is determined by digitizing cleared fields and calculating the total area for the 
years 1934, 1951, 1970, and 2012 for three watersheds: ASYF, ASBP, and ESBB.  Aerial 
imagery is orthorectified so that cleared land can be estimated on a uniform scale. 
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Appendix 1: SMER Watershed 
 
 
 
(A) Shaded relief map of the site location for cores SMER1 and SMER3 (red circles) and the 
surrounding watershed (yellow line) in Sharon (B) Leaf-on aerial image of the watershed (C) 
Unorthorectified 1934 aerial photograph of SMER (D) Hillshade of SMER with digitized relict 
charcoal hearths (RCHs; green circles) within the Housatonic State Forest around the watershed 
boundary.  Historical photographs provide a land cover comparison with LiDAR imagery, where 
relict features are visible on hillslope topography.   
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Appendix 2: ASBP Watershed 
 
 
 
(A) Shaded relief map of the site location for core ASBP (red circle) and its watershed (yellow 
line) in Ashford.  Watershed boundaries were hand-drawn in ArcMap for ASBP (B) Leaf-on 
aerial image of the watershed (C) Unorthorectified 1934 aerial photograph of ASBP (D) 
Hillshade of ASBP with digitized stone walls  
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Appendix 3: ASYF Watershed 
 
 
 
(A) Shaded relief map of the site location for core ASYF (red circle) and its watershed (yellow 
line) in Eastford (B) Leaf-on aerial image of the watershed (C) Unorthorectified 1934 aerial 
photograph of ASYF (D) Hillshade of ASYF with digitized stone walls.  
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Appendix 4: ESBB Watershed 
 
 
 
(A) Shaded relief map of the site location for core ESBB (red circle) and its watershed (yellow 
line) in Eastford (B) Leaf-on aerial image of the watershed (C) Unorthorectified 1934 aerial 
photograph of ESBB (D) Hillshade of ESBB with digitized stone walls (red lines) and relict 
charcoal hearths (RCHs; green circles) in the watershed boundary.   
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Appendix 5: PT1 Watershed 
 
 
 
(A) Shaded relief map of the site location for core PT1 (red circle) and its watershed (yellow 
line) in Putnam (B) Leaf-on aerial image of the watershed (C) Unorthorectified 1934 aerial 
photograph of PT1 (D) Hillshade of PT1 with digitized stone walls.  
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Appendix 6: BMN Watershed 
 
 
 
(A) Shaded relief map of the site location for cores BMN1 and BMPC5 (red circles) and the 
surrounding watershed (yellow line) in Norfolk (B) Leaf-on aerial image of the watershed (C) 
Unorthorectified 1934 aerial photograph of BMN (D) Hillshade of BMN with digitized stone 
walls (red lines) around the watershed boundary and relict charcoal hearths (RCHs; green 
circles).   
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Appendix 7: HBH3 Watershed 
 
 
 
(A) Shaded relief map of HBH3 at Horsebarn Hill in Storrs.  Core location is denoted by the red 
circle.  Watershed boundaries were hand-drawn in ArcMap due to errors encountered in 
delineating a watershed using the hydrography toolset (B) Hillshade (1m) map of the site 
location for HBH3 (B) Leaf-on aerial image of the watershed (C) Orthorectified 1934 aerial 
photograph of Horsebarn Hill (D) Hillshade of HBH3 with digitized stone walls.   
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Appendix 8: GPS Locations of Cores 
 
 
Core Town GPS Point 
ASBP Ashford 41.883779, -72.134127 
ASYF Eastford 41.926890, -72.135826 
ESBB Eastford 41.845126, -72.071075 
PT1 Putnam 41.908867, -71.841652 
HBH3 Mansfield 41.815924, -72.250390 
SMER1 Sharon 41.909284, -73.375659 
SMER3 Sharon 41.909567, -73.376656 
BMN1 Norfolk 42.026912, -73.225746 
BMPC5 Norfolk 42.026924, -73.226182 
HSTM Kent 41.666405, -73.508547 
HPSC3 Canaan 41.924000, -73.277455 
  
 
 
SMER1 DATA TABLE XRF (counts)
SAMPLE DEPTH (cm) LOI (%) d15N (‰) Pb Zn Cu
SMER1-10 10 84.6 -0.3 4.15 71.87 32.46
SMER1-13 13 - 0.0 < LOD 17.26 13.93
SMER1-16 16 89.0 0.3 < LOD 12.5 12.78
SMER1-19 19 - 0.5 < LOD < LOD 15.45
SMER1-22 22 87.7 0.7 < LOD < LOD 13.84
SMER1-25 25 - 1.1 < LOD < LOD < LOD
SMER1-28 28 86.3 0.3 < LOD < LOD < LOD
SMER1-31 31 - -0.3 < LOD 14.64 19.95
SMER1-34 34 90.1 -0.3 < LOD 4.81 22.35
SMER1-37 37 - -0.3 < LOD < LOD 14.42
SMER1-40 40 86.7 -0.3 < LOD < LOD 14.26
SMER1-43 43 - -0.7 < LOD < LOD 28.79
SMER1-46 46 90.6 -0.3 < LOD 5.89 14.92
SMER1-49 49 - -0.8 < LOD < LOD 27.52
SMER1-52 52 90.6 -1.2 < LOD < LOD 23.32
SMER1-55 55 - - < LOD < LOD 24.23
SMER1-58 58 88.9 -1.2 < LOD < LOD 33.57
SMER1-61 61 - - < LOD < LOD 35.86
SMER1-64 64 95.9 - < LOD 5.84 30.2
SMER1-67 67 - - < LOD 18.03 15.24
SMER1-70 70 - -1.1 < LOD 17.31 28.83
SMER1-73 73 - - < LOD 33.47 18.36
SMER1-76 76 92.2 - < LOD 30.54 13.15
SMER1-79 79 - - < LOD 30.52 < LOD
SMER1-82 82 78.8 -0.3 < LOD 37.23 8.81
SMER1-85 85 - - < LOD 36 11.25
SMER1-88 88 86.2 - < LOD 46.77 14.24
SMER1-91 91 - - < LOD 43.37 15.25
SMER1-94 94 68.9 -1.3 < LOD 39.93 16.45
SMER1-97 97 - - < LOD 38.07 11.71
SMER1-100 100 - - < LOD 45.21 18.23
SMER1-103 103 - - < LOD 47.72 26.24
SMER1-106 106 73.0 -1.7 < LOD 41.59 17.62
SMER1-109 109 - - < LOD 48.18 40.4
SMER1-112 112 56.6 - < LOD 80.72 60.56
SMER1-115 115 - - < LOD 94.95 60.53
SMER1-118 118 43.1 -2.3 < LOD 107.44 79.34
SMER1-121 121 - - < LOD 109.3 90.54
SMER1-124 124 46.4 - < LOD 94.06 72.87
SMER1-134 134 - -1.9 - - -
SMER1-152 152 - -1.9 - - -
SMER1-188 188 - - - - -
SMER1-200 200 - - - - -
SMER1-224 224 - - - - -
SMER1-236 236 - - - - -
SMER3 DATA TABLE XRF (counts)
SAMPLE DEPTH (cm) LOI (%) d15N (‰) Pb Zn Cu
SMER3-0 0 58.8 - 4.52 73.35 < LOD
SMER3-3 3 - 12.88 82.55 9.94
SMER3-6 6 44.5 - 25.57 90.38 < LOD
SMER3-9 9 - 21 94.23 < LOD
SMER3-12 12 34.2 0.5 14.3 105.17 < LOD
SMER3-15 15 0.6 9.35 88.99 < LOD
SMER3-18 18 22.6 0.9 6.08 95.84 < LOD
SMER3-21 21 0.7 8.66 96.19 < LOD
SMER3-24 24 29.4 0.8 5.6 88.88 < LOD
SMER3-27 27 0.8 < LOD 68.37 < LOD
SMER3-30 30 32.3 0.6 < LOD 89.87 < LOD
SMER3-33 33 1.1 < LOD 82.93 < LOD
SMER3-36 36 19.4 1.7 < LOD 78.07 < LOD
SMER3-39 39 1.9 < LOD 88.57 < LOD
SMER3-42 42 22.0 1.9 < LOD 96.78 < LOD
SMER3-45 45 0.6 < LOD 85.48 < LOD
SMER3-48 48 30.1 -0.8 < LOD 75.66 10.6
SMER3-51 51 - < LOD 109.61 23.96
SMER3-54 54 27.7 - < LOD 101.99 38.32
SMER3-57 57 - < LOD 67.25 22.83
SMER3-60 60 17.5 -0.9 < LOD 74.9 39.05
SMER3-63 63 - < LOD 59.44 18.9
SMER3-66 66 9.4 -0.8 < LOD 61.7 22.53
SMER3-69 69 - < LOD 61.75 13.22
SMER3-72 72 7.6 - < LOD 61.81 10.64
SMER3-75 75 - < LOD 52.58 10.79
SMER3-78 78 23.9 - < LOD 78.57 < LOD
SMER3-81 81 - < LOD 67.59 < LOD
SMER3-84 84 9.6 - < LOD 73.2 21.28
SMER3-87 87 - < LOD 73.02 23.15
SMER3-90 90 6.4 -1.8 < LOD 73.73 < LOD
SMER3-93 93 - < LOD 70.47 26.49
SMER3-96 96 7.3 - < LOD 73.82 24.3
ASBP DATA TABLE XRF (counts) ICP-MS (ppm)
SAMPLE DEPTH (cm) LOI (%) d15N (‰) Pb Zn Cu Pb Zn Cu
ASBP-2 2 19.2 2.84 33.85 96.71 < LOD 9.75 5.66 0.98
ASBP-74 7 19.0 4.42 29.65 75.76 9.95 4.45 1.32 0.31
ASBP-15 15 19.8 3.64 14.96 70.22 < LOD 1.10 0.40 0.10
ASBP-25 25 21.8 2.90 8.68 47.07 < LOD 0.57 0.23 0.07
ASBP-31 31 6.4 4.08 9.99 17.51 < LOD 0.10 0.04 0.01
ASBP-36 36 4.5 5.40 10.24 17.94 < LOD 0.05 0.02 0.01
ASBP-40 40 0.6 3.75 < LOD 10.97 < LOD 0.01 0.01 0.00
ASBP-43 43 0.4 7.06 5.74 11.8 < LOD 0.01 0.01 0.00
ASBP-50 50 4.3 5.84 8.35 19.89 < LOD 0.04 0.03 0.00
ASBP-60 60 23.6 1.46 4.3 16.2 < LOD 0.03 0.03 0.02
ASBP-68 68 58.2 0.20 < LOD 29.01 < LOD 0.03 0.06 0.04
ASBP-74 74 45.3 -0.49 < LOD 33.91 < LOD 0.01 0.06 0.02
ASBP-84 84 37.6 -0.13 < LOD 35.05 < LOD 0.01 0.10 0.03
ASBP-87 87 12.9 -0.53 < LOD 34.63 < LOD 0.01 0.06 0.01
ASBP-92 92 5.7 0.39 < LOD 31.03 < LOD 0.00 0.04 0.01
ASBP-98 98 6.7 0.79 < LOD 13.28 < LOD 0.00 0.02 0.00
ASBP-106 106 34.1 0.29 7.65 28.51 < LOD 0.01 0.07 0.01
ASYF DATA TABLE XRF (counts) ICP-MS (ppm)
SAMPLE DEPTH (cm) LOI (%) d15N (‰) Pb Zn Cu Pb Zn Cu
ASYF-7 7 81.6 1.82 < LOD 25.11 28.93 0.52 0.22 0.11
ASYF-12 12 92.6 2.34 23.64 23.78 22.3 1.04 0.16 0.14
ASYF-20 20 94.4 1.42 < LOD 11.95 17.56 0.01 0.01 0.04
ASYF-27 27 90.9 2.47 < LOD 8.1 22.59 0.02 0.00 0.03
ASYF-33 33 90.9 2.17 < LOD 10 35.26 0.03 0.00 0.04
ASYF-40 40 90.9 3.74 < LOD 13.98 26.69 0.02 0.01 0.04
ASYF-46 46 92.8 2.00 < LOD 14.73 59.82 0.02 0.00 0.17
ASYF-55 55 87.1 -0.58 < LOD 36.19 22.38 0.01 0.10 0.08
ASYF-68 68 70.9 -0.23 < LOD 39.47 < LOD 0.01 0.11 0.04
ASYF-78 78 66.2 -0.58 < LOD 71.85 10.04 0.02 0.17 0.05
ASYF-87 87 69.5 -0.21 < LOD 46.46 14.03 0.01 0.12 0.04
ASYF-96 96 63.7 -0.13 < LOD 63.88 < LOD 0.01 0.15 0.04
ASYF-103 103 65.0 -0.77 < LOD 48.04 11.96 0.01 0.13 0.05
ESBB DATA TABLE XRF (counts) ICP-MS (ppm)
SAMPLE DEPTH (cm) LOI (%) d15N (‰) Pb Zn Cu Pb Zn Cu
ESBB-3 3 76.7 0.77 < LOD 58.18 17.21 1.11 2.35 0.66
ESBB-10 10 13.0 1.41 14.53 46 < LOD 1.18 0.59 0.14
ESBB-15 15 13.2 1.71 13.02 28.43 < LOD 0.85 0.38 0.10
ESBB-20 20 20.6 2.25 9.43 36.39 < LOD 0.43 0.24 0.07
ESBB-25 25 49.8 2.24 < LOD 12.94 < LOD 0.18 0.10 0.05
ESBB-32 32 50.0 1.42 < LOD 6.27 < LOD 0.08 0.04 0.02
ESBB-40 40 73.2 1.09 < LOD 6.52 13.41 0.04 0.00 0.01
ESBB-50 50 61.5 1.54 < LOD 6.42 < LOD 0.04 0.01 0.01
ESBB-60 60 56.4 1.18 < LOD 4.47 < LOD 0.03 0.00 0.01
ESBB-67 67 58.4 -0.19 < LOD 6.27 < LOD 0.02 0.02 0.03
ESBB-71 71 49.3 -0.28 < LOD 42.47 < LOD 0.02 0.16 0.03
ESBB-75 75 22.4 -0.36 < LOD 63.53 < LOD 0.02 0.17 0.04
ESBB-85 85 50.1 -0.76 < LOD 54.67 < LOD 0.01 0.14 0.03
ESBB-95 95 33.8 -0.78 < LOD 45.27 < LOD 0.01 0.16 0.03
ESBB-101 101 28.9 -0.43 < LOD 57.2 < LOD 0.01 0.15 0.03
ESBB-110 110 39.3 -0.52 < LOD 73.93 < LOD 0.01 0.14 0.04
ESBB-118 118 26.1 -0.21 < LOD 72.56 < LOD 0.01 0.13 0.03
PT1 DATA TABLE XRF (counts) ICP-MS (ppm)
SAMPLE DEPTH (cm) LOI (%) d15N (‰) Pb Zn Cu Pb Zn Cu
PTI-6 6 - 1.71 25.18 50.67 < LOD 3.69 1.36 0.34
PTI-13 13 - 1.94 25.97 54.62 < LOD 2.41 0.81 0.22
PTI-22 22 - 2.17 49.19 69.98 < LOD 2.86 0.58 0.14
PTI-31 31 - 2.17 57.17 59.12 < LOD 1.85 0.32 0.09
PTI-46 46 - 2.02 5.04 44.23 < LOD 0.24 0.18 0.05
BMN1 DATA TABLE XRF (counts)
SAMPLE DEPTH (cm) LOI (%) d15N (‰) Pb Zn Cu
BMN-1-5 5 - 1.2 81.0 133.7 37.2
BMN-1-10 10 23.4 1.4 56.8 122.7 36.2
BMN-1-15 15 - 1.4 59.4 140.5 30.2
BMN-1-20 20 - 1.2 42.1 113.9 32.4
BMN-1-22 22 13.2 - 27.4 102.8 21.7
BMN-1-28 28 7.4 - 9.8 68.0 21.3
BMN-1-30 30 12.9 0.8 < LOD 79.8 20.9
BMN-1-37 37 20.1 1.7 4.8 59.2 19.8
BMN-1-40 40 11.1 - < LOD 70.9 18.2
BMN-1-45 45 - - < LOD 60.8 0.0
BMN-1-50 50 4.6 - < LOD 70.9 33.2
BMN-1-65 65 4.9 - < LOD 83.2 34.9
BMN-1-85 85 5.2 - - - -
BMN-1-100 100 8.7 - < LOD 104.7 62.9
BMN-1-120 120 - - < LOD 96.6 46.6
BMN-1-135 135 26.6 -1.1 < LOD 81.1 60.8
BMN-1-150 150 15.8 -1.5 < LOD 72.3 37.4
BMN-1-170 170 - - < LOD 72.1 30.0
BMN-1-185 185 - - < LOD 99.5 49.2
BMN-1-190 190 1.9 - < LOD 49.6 18.4
BMN-1-210 210 1.6 - < LOD 49.2 20.5
BMPC5 DATA TABLE XRF (counts)
SAMPLE DEPTH (cm) LOI (%) d15N (‰) Pb Zn Cu
BMPC5-2.5 0 - -0.88 - - -
BMPC5-6.5 5 - -0.18 15.17 83.52 35.35
BMPC5-9 8 - 0.37 19.32 77.97 36.77
BMPC5-11 10 - -0.04 44.83 118.32 39.27
BMPC5-13 12 - -0.06 34.97 123.19 37.19
BMPC5-15 14 - -0.26 36.96 114.88 27.49
BMPC5-17 16 - -0.38 29.83 124.73 32.98
BMPC5-19 18 - -0.72 29.3 120.13 42.93
BMPC5-21 20 - -0.76 44.17 120.58 41.6
BMPC5-23 22 - -1.24 9.19 92.24 64.24
BMPC5-25 24 - -0.85 6.17 104.6 78.06
BMPC5-27 26 - -0.66 5.29 76.34 45.3
BMPC5-29 28 - - < LOD 52.38 24.3
BMPC5-31 30 - - < LOD 56.49 < LOD
BMPC5-33 32 - - < LOD 51.24 11.46
BMPC5-35 34 - - < LOD 54.47 15.04
BMPC5-37 36 - - < LOD 44.91 < LOD
BMPC5-39 38 - - < LOD 47.49 12.22
BMPC5-41 40 - - < LOD 36.06 < LOD
BMPC5-43 42 - - < LOD 51.84 19.21
BMPC5-45 44 - - < LOD 45.93 < LOD
BMPC5-47 46 - - < LOD 51.12 < LOD
BMPC5-49 48 - - < LOD 48.52 < LOD
BMPC5-51 50 - - < LOD 43.9 < LOD
BMPC5-53 52 - - < LOD 49.38 < LOD
HBH3 DATA TABLE XRF (counts)
SAMPLE DEPTH (cm) LOI (%) d15N (‰) C/N Pb Zn Cu
HBH3-0 0 29.1 3.65 11.71 63.5 373.1 36.1
HBH3-3 3 25.6 3.73 12.21 43.9 300.3 27.5
HBH3-9 9 4.2 - 16.50 9.7 70.0 < LOD
HBH3-18 18 1.4 - - < LOD 28.9 < LOD
HBH3-27 27 3.7 - 14.86 13.1 59.3 19.3
HBH3-36 36 21.8 1.22 11.96 20.4 99.1 12.0
HBH3-45 45 20.2 1.19 11.45 9.2 69.7 < LOD
HBH3-54 54 17.6 1.02 14.13 7.2 53.0 < LOD
HBH3-63 63 21.8 0.47 22.60 4.1 40.6 < LOD
HBH3-72 72 52.7 0.13 21.71 < LOD 37.2 < LOD
HBH3-81 81 65.2 -0.61 26.01 < LOD 5.0 < LOD
HBH3-90 90 77.0 -1.23 - < LOD 9.6 10.0
HBH3-99 99 68.3 -1.91 21.76 < LOD 11.3 < LOD
HBH3-108 108 74.4 - - < LOD 21.9 10.7
HBH3-117 117 80.5 -1.90 25.80 < LOD < LOD < LOD
HBH3-126 126 71.7 - - < LOD 5.9 < LOD
HBH3-136 136 70.8 -1.71 21.23 < LOD 16.7 < LOD
HBH3-145 145 56.7 - - < LOD 15.0 < LOD
HBH3-154 154 46.5 -1.85 13.63 < LOD 24.6 < LOD
HBH3-163 163 22.3 -1.66 22.17 < LOD 24.9 < LOD
HBH3-172 172 2.6 - - 6.5 13.2 < LOD
HBH3-181 181 5.7 - 17.54 < LOD 61.3 < LOD
HBH3-190 190 7.1 - - < LOD 80.3 < LOD
HBH3-199 199 4.3 - 13.44 5.5 110.1 13.2
HBH3-208 208 3.6 - 17.78 8.4 60.2 14.7
HBH3-217 217 3.4 - - 6.3 67.9 13.0
HBH3-226 226 4.0 - 17.63 4.6 57.8 13.5
HBH3-235 235 4.3 - - 9.6 72.5 15.0
HBH3-244 244 3.2 - 15.60 < LOD 47.7 < LOD
HBH3-253 253 3.0 - 12.67 < LOD 48.6 < LOD
HPSC3 DATA TABLE XRF (counts)
SAMPLE DEPTH (cm) LOI (%) Pb Zn Cu Sample depth d15N (‰)
HPSC3 0 19.7 < LOD 82.66 11.02 7 1.59
HPSC3 11 9.5 5.23 80.98 10.8 24 -
HPSC3 14 10.1 < LOD 63.87 < LOD 40 -1.01
HPSC3 20 9.0 - - - 62 -1.00
HPSC3 28 7.8 8.44 91.75 < LOD 73 0.68
HPSC3 32 7.4 < LOD 75.5 < LOD 88 0.38
HPSC3 38 6.0 - - - 98 0.48
HPSC3 42 5.9 < LOD 61.49 < LOD 109 1.15
HPSC3 47 7.5 7.39 70.95 < LOD 135 2.12
HPSC3 52 6.5 - - - 149 1.39
HPSC3 60 5.9 5.74 64.6 < LOD 161 -0.72
HPSC3 70 6.8 12.68 105.62 16.14 181 1.11
HPSC3 76 8.7 5.65 86.07 < LOD 199 0.78
HPSC3 85 7.9 5.69 95.4 < LOD 217 0.48
HPSC3 90 8.3 - - - 245 -0.31
HPSC3 100 10.5 - - - 268 0.81
HPSC3 107 15.5 14.43 130.1 < LOD 285 0.82
HPSC3 114 0.4 < LOD 23.91 < LOD 300 0.57
HPSC3 123 1.5 < LOD 22.96 < LOD 313 0.54
HPSC3 130 0.8 6.54 75.7 17.24 326 0.98
HPSC3 140 11.2 - - - 340 1.07
HPSC3 147 10.9 6.32 95.27 < LOD 358 -0.03
HPSC3 158 16.3 8.72 126.12 11.83 372 -0.06
HPSC3 165 0.7 < LOD 45.88 < LOD 383 0.14
HPSC3 170 11.4 < LOD 83.85 < LOD
HPSC3 173 2.7 < LOD 69.06 18.02
HPSC3 185 10.6 - - -
HPSC3 194 11.8 < LOD 103.84 < LOD
HPSC3 204 8.5 < LOD 105.17 < LOD
HPSC3 212 4.9 < LOD 84.51 < LOD
HPSC3 225 6.8 - - -
HPSC3 235 11.9 < LOD 381.08 < LOD
HPSC3 242 22.6 < LOD 98.9 < LOD
HPSC3 249 12.9 < LOD 191.58 < LOD
HPSC3 254 12.8 < LOD 124.27 < LOD
HPSC3 264 12.9 < LOD 83.81 10.64
HPSC3 274 14.8 < LOD 94.13 19.18
HPSC3 282 13.6 < LOD 80.32 < LOD
HPSC3 286 30.1 < LOD 60.05 10.93
HPSC3 296 21.8 < LOD 78.23 < LOD
HPSC3 302 18.0 < LOD 91.96 < LOD
HPSC3 307 39.5 - - -
HPSC3 315 14.7 < LOD 93.69 < LOD
HPSC3 320 10.2 < LOD 71.2 < LOD
HPSC3 330 14.8 < LOD 70.4 < LOD
HPSC3 337 14.9 < LOD 70.72 < LOD
HPSC3 343 19.5 < LOD 85.22 < LOD
HPSC3 349 17.5 < LOD 80.74 < LOD
HPSC3 355 20.5 < LOD 77.62 < LOD
HPSC3 360 18.7 < LOD 64.23 < LOD
HPSC3 368 18.1 < LOD 65.35 < LOD
HPSC3 376 12.3 < LOD 66.81 < LOD
HPSC3 381 21.5 < LOD 79.38 < LOD
HPSC3 386 24.6 < LOD 55.32 < LOD
HSTM DATA TABLE
SAMPLE DEPTH (cm) LOI (%) DEPTH (cm) d15N (‰)
HSTM 1 68.6 10 -0.15
HSTM 5.5 67.2 20 0.13
HSTM 10 58.4 36 -0.03
HSTM 24.5 60.2 42 -0.15
HSTM 42 77.2 57 -1.92
HSTM 46.5 63.2 67 -0.30
HSTM 57 62.9 75 -0.89
HSTM 71 62.7 90 -1.36
HSTM 75 77.0 100 -1.14
HSTM 90 62.4 110 -2.93
HSTM 95 63.1 130 -2.35
HSTM 117 66.3 150 -1.61
HSTM 123.5 65.6 170 -1.91
HSTM 140 70.4 183 -2.16
HSTM 155 65.7 210 -2.55
HSTM 170 77.1 224 -3.63
HSTM 177 69.7 240 -3.34
HSTM 187 69.6 260 -2.38
HSTM 210 93.2 280 -3.29
HSTM 240 85.7 304 -2.27
HSTM 260 89.9
HSTM 304 84.3
HSTM 313 71.3
HSTM 330 65.6
HSTM 350 58.3
HSTM 380 58.0
HSTM 400 59.9
HSTM 435 53.1
HSTM 445 42.5
HSTM 450 46.0
HSTM 471 45.1
HSTM 480 55.4
HSTM 483 47.2
HSTM 490 29.4
HSTM 515 28.8
HSTM 518 30.3
